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Suppression subtractive hybridization is very
effective to enrich differentially expressed genes in
two different tissues or cells. We therefore used the
technique to identify characteristic genes
expressed in rat knee joint articular cartilage as
compared to rat costal cartilage. In this study, we
revealed that several genes were enriched in a sub-
tracted articular cartilage cDNA library. The most
enriched gene is lubricin that is a putative key mol-
ecule for joint lubrication. The second gene is
milk fat globule epidermal growth factor (EGF)
factor 8, MFG-E8 whose expression has never
been observed in cartilage. Other enriched genes
are known to be expressed in cartilage, however
their differential expressions in cartilages have
not been necessarily common. The preferential
expression of characteristic genes in articular
cartilage would provide unique properties to the tis-
sue. Our findings will provide a new view of articu-
lar cartilage.
Key words: Articular Cartilage, Subtractive
Hybridization, Gene Expression, Milk
Fat Globule Epidermal Growth Factor
(EGF) factor 8.
Introduction
Cartilage is a highly specialized tissue that contains
an abundant extracellular matrix. The main consti-
tutes of this matrix are collagen type II and the proteo-
glycan aggrecan, both of which have been considered
to be a hallmark of cartilage differentiation1. Collagen
molecules form a fibrillar network trapping the proteo-
glycan which, by virtue of a high negative charge den-
sity, tends to attract water inflating the network, thereby
providing structural resistance to compressive forces.
These features are shared by different hyaline carti-
lages such as articular cartilage and growth plate car-
tilage.
Although extensive biochemical and histochemical
analyses of cartilage have been performed2, little
information is available on the fundamental aspects
which differentiate one type of cartilage from another,
such as differences between articular and growth
plate cartilage. For instance, articular cartilage is
functionally different from growth plate cartilage in
that it is responsible for the nearly frictionless move-
ment of opposing cartilages within a joint in addition to
providing resistance to compressive forces. Similarly,
the growth properties of articular cartilage are com-
pletely different from those of growth plate cartilage,
with almost no detectable cell division present in normal
articular cartilage in contrast to a rapidly dividing pop-
ulation in growth plate cartilage3. The mechanism of
growth control in these two cartilages is still not clear.
Therefore, a comparison of gene expression between
articular and growth plate cartilage will have important
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implications in understanding the differences between
them and would be a prerequisite for understanding the
physiological and pathological conditions of them.
In this study, we have performed a suppression
subtractive hybridization analysis to clarify the feature of
gene expressions in rat articular cartilage as compared
to rat costal cartilage which primarily consists of a
growth plate. Here we report that several characteristic
genes including milk fat globule epidermal growth factor
(EGF) factor 8, MFG-E8, an apoptosis related4 and a
vascularization related factor5, are preferentially
expressed in articular cartilage. Our findings will provide
a new view of articular cartilage.
Materials and Methods
Isolation of Rat Articular and Costal Chondrocytes
Rat articular chondrocytes were isolated from the
knee condyles of 5-week-old Sprague-Dawley rats
(Charles River Japan, Ltd., Yokohama, Japan). Briefly,
articular cartilage layers were sliced and minced
using a surgical blade. To remove the extracellular
matrix, the cartilage pieces were digested with 3
mg/ml of collagenase D (Roche, Mannheim,
Germany) in Dulbecco’s Modified Eagle Medium
(DMEM; GIBCO, Rockville, MD, USA) at 37 °C under
5% CO2 for 6 h. The released chondrocytes were fil-
tered through a nylon membrane, Nitex 100-Òm mesh
(Becton Dickinson, Franklin Lakes, NJ, USA). The
cells were then pelleted by centrifugation and washed
twice with phosphate-buffered saline (PBS), pH 7.4.
Newborn rat costal chondrocytes were prepared
from rib cartilages of 2-day-old Sprague-Dawley rats fol-
lowing the procedure of Lefebvre, et al.6. Briefly, the rib
cages were isolated under sterile condition, and then
were incubated in 3 mg/ml of collagenase D in DMEM
at 37 °C under 5% CO2 for 2 h until all soft tissue
detached from cartilage. After careful washes with
PBS, the cartilages were further digested with collage-
nase D (3 mg/ml) for 4 h, and chondrocytes were col-
lected as described above. 
Subculture of Chondrocytes in Monolayer
Rat articular chondrocytes were plated in 100-mm
tissue culture dishes at low density (2.5×104 cells/cm2)
in DMEM supplemented with penicillin (50 units/ml),
streptomycin (50mg/ml), and 10% heat-inactivated
fetal calf serum (GIBCO). The cells were cultured at
37 °C under 5% CO2 with medium changes at every 3
to 4 days. After confluence (about 1 week), the cells
were serially passaged twice with replating at a 1:3 split
after brief digestions with 0.05% trypsin-0.53 mM
EDTA (GIBCO).
RNA Preparation
Total RNA was isolated from rat costal cartilages, rat
articular cartilages (C0) and cultured rat articular
chondrocytes; primary cultured chondrocytes (P0),
the first passaged chondrocytes (P1), and the second
passaged chondrocytes (P2), using TRIzol® reagent
(Life technologies, Inc., Rockville, MD, USA) following
the manufacturer’s instructions. For the suppression
subtractive hybridization experiments, total RNA was
further purified using an RNeasy® Mini Kit according to
the manufacture’s instructions (QIAGEN, Valencia,
CA, USA), and about 5 Òg each of total RNA was
recovered from articular and costal cartilages of a rat.
Construction of Subtractive cDNA Libraries and
Analysis 
Subtractive cDNA libraries were constructed by
PCR-based suppression subtractive hybridization as
described previously7. Briefly, total RNA (1 Òg) from
articular and costal cartilages was used to generate
double-stranded cDNAs using a Super SMART PCR
cDNA Synthesis Kit (Clontech, Palo Alto, CA, USA).
The generated cDNA products were then used for sup-
pression subtractive hybridizations, which were per-
formed using a PCR-Select cDNA Subtraction Kit
(Clontech). The subtracted PCR products were then lig-
ated into the pCR®2.1 (Invitrogen, Carlsbad, CA,
USA) and transformed into TOP10 cells (Invitrogen).
After transformation, white colonies were randomly
picked for further analysis.
For DNA sequencing, plasmid DNA was amplified
using TempliPhi DNA Amplification Kit according to the
manufacture’s instructions (Amersham Biosciences,
Piscataway, NJ, USA). Sequencing reactions were
performed using DTCS Quick Start Kit (Beckman
Coulter, Fullerton, CA, USA) with either M13 reverse
(5’-CACAGGAAACAGCTATGACCATG-3’) or M13 for-
ward (5’-CGCCAGGGTTTTCCCAGTCACGAC-3’)
primer.  The reaction products were then run on a DNA
autosequencer, CEQ-2000 (Beckman Coulter). The
resulting sequences were compared with sequences in
GenBank using the NCBI BLAST program.
Northern Blot Analysis
Northern blot analysis was performed as described
previously8. Briefly, 10 Òg of total RNA was heat-dena-
tured, separated by electrophoresis on a 1.2%
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agarose gel, and transferred to a Hybond N membrane
(Amersham Biosciences) by a vacuum blotter,
VacuGene XL (Amersham Biosciences) as recom-
mended by the manufacturer. Hybridizations were
performed using cDNA fragments labeled with [32P]-
dCTP (Amersham, Tokyo, Japan) in a solution contain-
ing 50% formamide, 5x SSPE, 5x Denhardt’s solution,
10% dextran sulfate, 0.1% SDS, 20 Òg/ml denaturated
salmon sperm DNA. After hybridization, membranes
were rinsed 3 x 20 min in 0.1x SSPE / 0.1% SDS at 65
°C, and then exposed to x-ray film at –80 °C. As con-
trol cDNA probes, glyceraldehydes-3-phosphate
dehydrogenase (GAPDH) and 18S ribosomal RNA
(18S) (Ambion, Inc., Austin, TX, USA) were used. 
Expression of Fusion Proteins Encoding Mouse
MFG-E8, Rat MFG-E8, and Mouse Developmental
Endothelial Locus-1 (Del1)
Fragments of cDNA encoding mouse MFG-E8
(GenBank accession no. NM_008594 nucleotides
212-508) and mouse Del1 (GenBank accession no.
BC056386 nucleotides 578-904) were amplified by
reverse transcriptase-polymerase chain reaction (RT-
PCR). Briefly, crude RNA from mouse articular cartilage
was reverse transcribed using specific primers for
mouse MFG-E8; 5’-CGAGGCGGAAATCTGT-
GAATCAGC-3’, and for mouse Del1; 5’-GCTCGGT-
GAGTAGATGAAGCTGTG-3’. The single-strand
cDNAs that were generated served as templates for the
amplification of MFG-E8 and Del1 cDNAs by PCR with





respectively. After digestion with Bam HI, PCR products
were purified by agarose gel electrophoresis. A partial
cDNA fragment encoding rat MFG-E8 (GenBank
accession no. NM_012811 nucleotides 211-489) was
prepared from an isolated subtraction clone as
described in the text.
Each DNA fragment was ligated in frame into a bac-
terial expression vector pET15b (Merck Biosciences,
Darmstadt, Germany), and successful ligation was
confirmed by DNA sequencing. The generated plas-
mids were then transformed into bacterial strain BL21
(DE3). Expression of fusion proteins was induced by
addition of 0.2 mM isopropyl-Ç-D-thiogalactopyra-
noside (IPTG) for 3 h, and then the bacteria were har-
vested by centrifugation.
SDS-PAGE and Western Blot Analyses of Fusion
Proteins and Tissue Extracts
Fusion proteins with 6x His Tag were extracted by
boiling the bacterial pellets for 10 min in a 1x SDS sam-
ple buffer (2% SDS, 62.5 mM Tris-HCl (pH 6.8), 10%
glycerol, 130 mM dithiothreitol and 0.01% bromophenol
blue). Fusion protein extracts were then subjected to
electrophoresis on 18% SDS-polyacrylamide gels
according to the method of Laemmli9.
Tissue extracts of mouse and rat articular carti-
lages were prepared as follows: Articular cartilages
were isolated from 5-week-old rat and mouse femurs,
and proteins were extracted for 24 h at 4 °C by gentle
stirring in 4 M guanidine hydrochloride, 0.05 M sodium
acetate, pH 6.5, containing proteinase inhibitors (100
mM 6-aminohexanoic acid, 5 mM benzamidine
hydrochloride, 10 mM EDTA, 1 mM phenylmethylsul-
fonyl fluoride). After dialysis against water, the
extracts were freeze-dried and then dissolved com-
pletely in a 1x SDS sample buffer by boiling for 10 min.
This crude extracts were subjected to electrophoresis
on 10% SDS-polyacrylamide gels. 
After electrophoresis, proteins were transferred to
Hybond-P membranes (Amersham Biosciences) in a
transfer buffer (25 mM Tris, 192 mM glycine, and 20%
methanol). The membranes were blocked with non-fat
milk (Block Ace; Dainippon Seiyaku, Osaka, Japan),
and then treated for 2 h at room temperature with rab-
bit anti-mouse MFG-E8 antibody, rabbit anti-His-Tag
antibody (MBL, Nagoya, Japan) or nonimmunized
rabbit serum in 10% Block Ace. The antibody against
mouse MFG-E8 was raised in a rabbit after immuniza-
tion with a synthetic peptide (LVTLDTQRGDIFTEY)
coupled to hemocyanin. After three washes with 10%
Block Ace containing 0.05% Tween 20, the mem-
branes were incubated at room temperature for 1 h with
horseradish peroxidase (HRP)-conjugated goat anti-
rabbit IgG (Cell Signaling Technology, Beverly, MA,
USA), followed by washing four times with 10% Block
Ace containing 0.05% Tween 20. The specific protein
bands were visualized with ECL Western Blotting
Detection Reagents and Hyperfilm (Amersham
Biosciences).
Immunohistochemistry
Knee joints of 5-week-old mice were fixed in 10%
buffered formalin for two days, and decalcificated at
room temperature in 0.5 M EDTA for at least one week.
The decalcificated tissues were then dehydrated with
ascending alcohol concentrations, and embedded in
paraffin. Serial sections of 5 Òm were made and
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stained with rabbit anti-mouse MFG-E8 antibody that
was purified by Protein A Sepharose CL-4B
(Amersham Biosciences). Briefly, after quenching of
endogenous peroxidase with 0.3% H2O2, nonspecific
binding sites for antibodies were blocked with 10% nor-
mal rabbit serum in PBS.  Then the sections were incu-
bated with rabbit anti-MFG-E8 antibody diluted to
20 Òg/ml for 1 h at room temperature. After rinsing four
times with PBS, the sections were incubated with
HRP-conjugated antibody against rabbit IgG for 1 h.
Immunoreaction was visualized with 3, 3’-
diaminobenzidine (DAB) after five PBS washes.
Results
Screening of Subtracted cDNA Libraries
To identify genes preferentially expressed in articular
cartilage, we first generated subtractive cDNA
libraries. For this purpose, articular cartilages were iso-
lated from rat knee joints taking care to avoid, as much
as possible, contamination by non-cartilagenous tis-
sues. Total RNA was then isolated from the tissues and
used to synthesize double-stranded cDNA. Costal
cartilage cDNA was also prepared in a similar way. 
cDNA libraries enriched for genes unique to articular
cartilage and costal cartilage were constructed by
subtractive hybridization of cDNA, first using articular
cartilage as the test with costal cartilage as the driver to
get cDNA unique to articular cartilage and then with
costal cartilage as the test cDNA and articular cartilage
cDNA as the driver to obtain sequences unique to
costal cartilage. A total of 192 clones were randomly
isolated from each library and their cDNA sequences
were compared with sequences in GenBank using the
BLAST algorithm10. Sequence analysis revealed that
every clone was found to correspond to known mRNA
sequences, and that 9 genes expressed by articular
cartilage and 19 genes by costal cartilage were identi-
fied multiple times. Genes represented in the library by
more than 2 clones were shown in Table I. Of these
genes, we selected six genes with high hit number and
subjected them to further analysis by Northern
hybridization (Fig. 1) to verify the efficacy of the sub-
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Table I. Summary of clones identified from the subtractive libraries of
(a) articular and (b) costal cartilages.
Fig. 1. Northern blot analysis of six representative clones that are
preferentially expressed in rat articular or costal cartilages. An
equal amount of total RNA (10 Òg) prepared from articular cartilage
(lane 1) and costal cartilage (lane 2) was subjected to Northern blot
analysis. Hybridization was performed using cDNA inserts from each
of the following clones: lubricin (LUB), milk fat globule epidermal
growth factor (EGF) factor 8 (MFG-E8), osteoprotegerin (OPG),
periostin (PERI), Ï1 (XI) collagen (COLXI), chondromodulin-I
(ChM-I), and glyceraldehydes-3-phosphate dehydrogenase
(GAPDH) as a control.
tractive hybridization procedure. The results clearly con-
firmed that genes selected by the subtractive
hybridization procedure and found in high numbers of
clones were selectively expressed by either articular or
costal cartilage. In this study, we have chosen to
focus on the genes preferentially expressed in articular
cartilage, so the genes in costal cartilage were not ana-
lyzed further.
Specific Expression of MFG-E8 mRNA in Articular
Cartilage
Lubricin, also known as superficial zone protein, is
specifically expressed by chondrocytes located in the
superficial zone of articular cartilage11,12. Osteo-
protegerin, known as a decoy receptor for the receptor
activator of nuclear factor ÔB ligand (RANKL) was also
observed in normal articular cartilage13. Although
other genes such as osteonectin14, C-type lectin
superfamily 115, matrix Gla protein16, and tumor necro-
sis factor-stimulated gene-617 have been also
observed to be expressed in articular cartilage, the
expression of milk fat globule epidermal growth factor
(EGF) factor 8, MFG-E84,18, has never been reported in
cartilage. To see if the expression of MFG-E8 might be
associated with the differentiated state of chondrocytes,
we compared its expression to the expression of the
type II collagen gene, a hallmark of differentiated carti-
lage.
It has been shown that normal chondrocytes main-
tained at low cell-density in monolayer culture easily
dedifferentiate to fibroblast-like cells19. As shown in Fig.
2, the level of type II collagen mRNA decreased with
subculture, indicating a loss of the chondrogenic phe-
notype. Interestingly, lubricin and osteoprotegerin
mRNAs were barely detectable in the cultured chon-
drocytes. MFG-E8 mRNA, on the other hand, was
readily detectable in initial culture and although was still
present in culture at passage 3, its level decreased with
each passage as did type II collagen. These data indi-
cated that the expression of MFG-E8 might be related
to the expression of the chondrogenic phenotype.
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Fig. 2. Expression of lubricin, MFG-E8, and osteoprotegerin in cultured chondrocytes.
Chondrocytes (C0) from rat articular cartilages were cultured in monolayer (P0) for a week
and then subjected to two sequential subcultures, (P1 and P2, respectively). RNA was pre-
pared from each culture (P0, P1 and P2) as well as from the starting tissue (C0), and 10 Òg
of total RNA from each was subjected to Northern blot analyses. Hybridization was per-
formed separately with probes for lubricin (LUB), milk fat globule epidermal growth factor
(EGF) factor 8 (MFG-E8), and osteoprotegerin (OPG), and with a probe specific for type II
collagen (COLII). Hybridization with 18S rRNA probe (18S) is shown as a reference for the
amount of RNA loaded in each lane.
Expression of MFG-E8 Protein in Articular
Cartilage
In order to examine the expression of MFG-E8 pro-
tein in articular cartilage, we intended to use a specific
antibody for detecting it by Western blotting. Although
an antibody that specifically recognizes MFG-E8 was
available, the antibody was developed against a syn-
thetic peptide derived from the second EGF-like
domain of mouse MFG-E8 that contains an integrin-
binding Arg-Gly-Asp (RGD) sequence motif20. The
amino acid sequence of the peptide is almost identical
between mouse and rat except for one amino acid
residue. Therefore, we first analyzed whether the anti-
body could recognize both mouse and rat MFG-E8. As
shown in Fig. 3A, Western blot analysis clearly indicat-
ed that fusion proteins of mouse and rat MFG-E8 were
specifically recognized by this antibody. The specificity
of the antibody was further supported by Western blot
analysis on crude extracts of mouse and rat articular
cartilage (Fig. 3B).  We could not detect any specific
band except for the 51-kDa band in mouse and for the
47-kDa band in rat. These results clearly indicated that
the antibody specifically recognizes both mouse and rat
MFG-E8. Moreover, they also indicated that MFG-E8
protein is certainly expressed in articular cartilage.
Immunohistochemical Analysis of MFG-E8
To examine the localization of MFG-E8 in articular
cartilage, we used affinity-purified anti-mouse MFG-E8
antibody to stain normal mouse tissue by immunohis-
tochemistry. As shown in Fig. 4 A and B, MFG-E8 pro-
tein expression was detected ubiquitously in articular
cartilage, but was less prominent in growth plate carti-
lage (Fig. 4 A, C, and D), especially, in the middle zone
of the growth plate where its immunoreactivity was not
observed (Fig. 4 C). In articular cartilage, the antibody
stained primarily the pericellular matrix and cytoplasmic
region of chondrocytes, although it also faintly stained
interstitial matrix. It is of interest to note that cytoplasmic
structures of prehypertrophic chondrocytes in growth
plate cartilage were specifically stained in spite of the
negative staining of mature hypertrophic chondro-
cytes. Preimmune rabbit serum has no staining at all.
Discussion
We have found several genes preferentially
expressed in articular cartilage and in costal cartilage
by suppression subtractive hybridization. This technique
is very efficient to identify differentially expressed
genes in two different tissues, though the detection of a
gene depends partly on its original abundance7.  Most
of genes listed in Table I have been already observed in
cartilage. However, the expression levels of each
gene in articular cartilage and in costal cartilage were
clearly different as shown in Fig. 1. Especially the most
highly represented gene, lubricin was only observed in
articular cartilage and this is consistent with previous
observations that lubricin is synthesized and deposited
in the extracellular matrix by the chondrocytes located
in the superficial layer of articular cartilage11,12.
Therefore, these data strongly support the validity of
our subtraction methodology, even though type II col-
lagen gene was found to be differentially expressed
both in the articular and costal cartilage libraries.
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Fig. 3. Expression of MFG-E8 protein in articular cartilage. (A)
Specificity of anti-MFG-E8 antibody was confirmed by immunoblot
analysis of fusion proteins. His-tagged mouse MFG-E8 (lane 2 and
5), rat MFG-E8 (lane 3 and 6), and mouse developmental endothelial
locus-1 (Del1) (lane 1 and 4) fusion proteins were electrophoresed,
blotted and stained with anti-His-Tag antibody (lane 1-3) or with anti-
MFG-E8 antibody (lane 4-6). (B) The presence of MFG-E8 protein in
the crude extracts of mouse (lane 1 and 2) and rat (lane 3) articular
cartilages was observed by Western blot analysis. The blot mem-
branes were stained with anti-MFG-E8 antibody (lane 2 and 3) or with
nonimmunized rabbit serum (lane 1). The arrows indicate the posi-
tions of marker proteins.
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Fig. 2. Localization of MFG-E8 protein in the distal femur of the mouse. Immunohistochemical staining was carried out on a
section of distal femur from a 5-week-old mouse as described in Materials and methods (A). Boxed regions are enlarged. MFG-
E8 protein expression was observed mainly in articular cartilage and in and around blood vessels at secondary ossification cen-
ter indicated by asterisks (A). In articular cartilage (B), the antibody stained primarily the pericellular matrix (indicated by arrow-
heads) and cytoplasmic region of chondrocytes, although it also faintly stained interstitial matrix. In growth plate cartilage (C),
the immunoreactivity was absent except for its epiphyseal and diaphyseal (D) regions.
In addition to known genes in cartilage, we found a
high level expression of MFG-E8 gene in articular car-
tilage that has never been reported. MFG-E8 was
originally identified as one of the major lipoproteins
associated with milk fat globule membrane21.
Recently, the function of this molecule was identified as
a factor that mediated uptake of apoptotic cells by
macrophages4. Activated macrophage-derived MFG-E8
protein binds specifically to apoptotic cells, and then
this complex is recognized by the macrophage.
However, cartilage is avascular and contains no
macrophages, therefore MFG-E8 must have some
other specific function in articular cartilage.
Furthermore, MFG-E8 deficient mice are viable without
any apparent skeletal abnormality22. Therefore, MFG-
E8 might have a possible role in maintaining the
structure of articular cartilage rather than in the regu-
lation of skeletal development. MFG-E8 is a secreted
molecule and contains an integrin-binding RGD (Arg-
Gly-Asp) sequence motif and two repeated discoidin-
like domains homologous to discoidin-1, a lectin in
Dictyostelium discoideum. Therefore, these motif and
domains of MFG-E8 might facilitate and stabilize
chondrocyte adhesion to the surrounding extracellular
matrix, but further investigation is required.
The latest draft sequences of mouse and rat
genomes indicated that MFG-E8 genes are located
near the genes for aggrecan and link protein 3 which
are cartilage characteristic molecules. Interestingly,
these genes form a gene cluster having paralogous
gene pairs, MFG-E8/Del1, aggrecan/versican, and
link protein 3/cartilage link protein 123. Therefore, the
two paralogous gene products, MFG-E8 and develop-
mental endothelial locus-1/EGF-like repeats and dis-
coidin I-like domains 3 (Del1/Edil3)24 show some
structural similarity as described by Hanayama, et
al24. However, the anti MFG-E8 antibody did not show
any cross-reactivity to Del1 (Fig. 3A, lane 1 and 4).
Although the genes in each cluster are not necessary
co-regulated, it seems that paralogous gene pairs
have some close relationship in their expression. For
instance, in contrast to the ubiquitous expression of
MFG-E8 in articular cartilage, a paralogous gene,
Del1 is expressed in a restricted manner, essentially
restricted to the superficial layer24. Similarly, the
expression of versican, a paralogous gene to aggrecan
is also restricted to the superficial layer of articular car-
tilage in the chicken (Shinomura, T., unpublished
observation).
In this study, we compared gene expression in
articular cartilage and costal cartilage. However, we
have not emphasized importance of genes that are
highly expressed in costal cartilage, because the sep-
aration of cartilage and bone in this case was so difficult
that we could not exclude the possibility of bone tissue
contamination in the preparation of costal cartilage.
Thus, some genes, such as periostin might be
derived from bone tissue, and not from cartilage.
Further work will be necessary to unequivocally identi-
fy genes preferentially expressed in costal cartilage.
Acknowledgements
We thank Dr. M. Yanagishita for his advice and
encouragement. We also thank Dr. J.  H. Kimura for
critical reading of the manuscript. This work was sup-
ported in part by the programs Grants-in-Aid for
Scientific Research (13470305 and 14657360) of the
Ministry of Education, Science, Sports and Culture of
Japan.
References
1. Muir H. The chondrocyte, architect of cartilage.
Biomechanics, structure, function and molecular biology of car-
tilage matrix macromolecules. Bioessays 1995;17:1039-
1048.
2. Morris NP, Keene DR, Horton WA. Morphology and chemical
composition of connective tissue: cartilage. In: Royce PM,
Steinmann B, editors, Connective Tissue and Its Heritable
Disorders. New York: Wiley-Liss, 2002:41-65
3. Mankin HJ. Mitosis in articular cartilage of immature rabbits.
Clin Orthop 1964;34:170-183.
4. Hanayama R, Tanaka M, Miwa K, et al. Identification of a fac-
tor that links apoptotic cells to phagocytes. Nature
2002;417:182-187.
5. Silvestre J-S, Thery C, Hamard G, et al. Lactadherin promotes
VEGF-dependent neovascularization. Nat Med 2005;11:499-
506.
6. Lefebvre V, Garofalo S, Zhou G, et al. Characterization of pri-
mary cultures of chondrocytes from type II collagen/Ç-galac-
tosidase transgenic mice. Matrix Biology 1994;14:329-335.
7. Diatchenko L, Lukyanov S, Lau Y-FC, et al. Suppression
Subtractive Hybridization: A versatile method for identifying dif-
ferentially expressed genes. Methods Enzymol 1999;303:
349-380.
8. Shinomura T, Nishida Y, Ito K, et al. cDNA cloning of PG-M, a
large chondroitin sulfate proteoglycan expressed during
chondrogenesis in chick limb buds. J Biol Chem 1993;268:
14461-14469.
9. Laemmli UK. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature
1970;227:680-685.
10. Altschul SF, Gish W, Miller W, et al. Basic local alignment
search tool. J Mol Biol 1990;215:403-410.
11. Flannery CR, Hughes CE, Schumacher BL, et al. Articular car-
tilage superficial zone protein (SZP) is homologous to
megakaryocyte stimulating factor precursor and is a multi-
M. YOSHIMI et al. J Med Dent Sci210
functional proteoglycan with potential growth-promoting,
cytoprotective, and lubricating properties in cartilage metabo-
lism. Biochem Biophys Res Commun 1999;254:535-541.
12. Jay GD, Tantravahi U, Britt DE, et al. Homology of lubricin and
superficial zone protein (SZP): products of megakaryocyte
stimulating factor (MSF) gene expression by human synovial
fibroblasts and articular chondrocytes localized to chromo-
some 1q25. J Orthop Res 2001;19:677-687.
13. Komuro H, Olee T, Kühn K, et al. The osteoprotegerin/recep-
tor activator of nuclear factor ÔB / receptor activator of
nuclear factor ÔB ligand system in cartilage. Arthritis Rheum
2001;44:2768-2776.
14. Chandrasekhar S, Harvey AK, Johnson MG, et al.
Osteonectin/SPARC is a product of articular chondrocytes/
cartilage and is regulated by cytokines and growth factors.
Biochim Biophys Acta 1994;1221:7-14.
15. Neame PJ, Tapp H, Grimm DR. The cartilage-derived, C-type
lectin (CLECSF1): structure of the gene and chromosomal
location. Biochim Biophys Acta 1999;1446:193-202.
16. Loeser RF Jr., Wallin R. Vitamin K-dependent carboxylation in
articular chondrocytes. Connect Tissue Res 1991;26:135-144.
17. Maier R, Wisniewski H-G, Vilcek J, et al. TSG-6 expression in
human articular chondrocytes. Arthritis Rheum 1996;39:
552-559.
18. Oshima K, Aoki N, Kato T, et al. Secretion of a peripheral
membrane protein, MFG-E8, as a complex with membrane
vesicles. Eur J Biochem 2002;269:1209-1218.
19. Stewart MC, Saunders KM, Burton-Wurster N, et al.
Phenotypic stability of articular chondrocytes in vitro: The
effects of culture models, bone morphogenetic protein 2, and
serum supplementation. J Bone Miner Res 2000;15:166-
174.
20. Hynes RO. Integrins: versatility, modulation, and signaling in
cell adhesion. Cell 1992;69:11-25.
21. Stubbs JD, Lekutis C, Singer KL, et al. cDNA cloning of a
mouse mammary epithelial cell surface protein reveals the
existence of epidermal growth factor-like domains linked to fac-
tor VIII-like sequences. Proc Natl Acad Sci USA 1990;87:
8417-8421.
22. Hanayama R, Tanaka M, Miyasaka K, et al. Autoimmune dis-
ease and impaired uptake of apoptotic cells in MFG-E8-defi-
cient mice. Science 2004;304:1147-1150.
23. Spicer AP, Joo A, Bowling RA Jr. A hyaluronan binding link
protein gene family whose members are physically linked adja-
cent to chondroitin sulfate proteoglycan core protein genes. J
Biol Chem 2003;278:21083-21091.
24. Pfister BE, Aydelotte MB, Burkhart W, et al. Del1: A new pro-
tein in the superficial layer of articular cartilage. Biochem
Biophys Res Commun 2001;286:268-273.
25. Hanayama R, Tanaka M, Miwa K, et al. Expression of devel-
opmental endothelial locus-1 in a subset of macrophages for
engulfment of apoptotic cells. J Immunol 2004;172:3876-
3882.
211GENE EXPRESSION IN ARTICULAR CARTILAGE
